Abstract. Biodiesel come into being used as an alternative source of energy as the diminishing of petroleum reserves. This fuel is typically stored in tanks that are commonly made from carbon steel, which is easily corroded by microorganisms. Recent studies have shown that bacteria aside from SRB may also be involved in corrosion. Therefore, this research was aimed to evaluate the effect of biodiesel concentration (15%, 20% and 30% v/v) mixed in diesel oil on the corrosion of carbon steel by S. marcescens that dominate biocorrosion on hydrocarbon products. In this study, the corrosion process was investigated by evaluation of biofilm morphology and composition, the rate of corrosion and the corrosion product of carbon steel which was exposed in the mixture of hydrocarbons and the presence of S. marcescens. It can be concluded that higher concentration of biodiesel in diesel oil leads to higher growth of bacteria in the biofilm and higher corrosion rate.
INTRODUCTION
In response to the petroleum crisis, the existence of biofuels as alternative energy sources are necessary to anticipate the depletion of petroleum fuels. Moreover, Indonesia has natural resources that can be potentially exploited for the production and exported biofuels as biodiesel. In this case, biodiesel can be produced from palm oil, soybeans, and jatropha curcas. Additionally, they are commonly planted and have potential to be developed in Indonesia. Due to the increasing demand for diesel oil in the transportation and industrial sectors, correspondingly, the biodiesel mixed with diesel fuel in Indonesia continues to be investigated. The Indonesian government through Permen ESDM No. 12 2015 expects the use of biodiesel as a mixture of up to 30% of total fuel demand, which can be achieved by 2025.
Petroleum products and biofuels are usually stored in a large tank made of carbon steel. Carbon steel is more widely used by the industry as a construction material as well as material for storage tanks. The use of carbon steel in term of price is due to carbon steel is lower cost than other metals such as stainless steel [1] . However, the carbon steel has a susceptibility to corrosion by microorganisms. Several studies have demonstrated a significant negative impact of biocorrosion occurring in carbon steel. Microbiologically influenced corrosion (MIC) and biofilm may cause pitting because sulphides resulting from SRB metabolism settle on the surface of iron and forming iron sulphide (FeS) at oil field separator and offshore installation [2, 3] . Furthermore, on the crude oil tank, SRB may form a biofilm in the form of a black layer on the bottom of the tank containing crude oil and fuel oil [4] .
Petroleum products and biofuels are usually stored in large tanks, then pumped through pipes to be stored and or transported to smaller tanks. In the process of distribution, there is potential for contamination of microorganisms. Factors that contribute to the contamination of hydrocarbon products and the growth of microorganisms are climate, distribution system design, the chemical composition of fuels, methods, and effectiveness of cleaning as well as product quality control [5] . Contamination of microorganisms in products is very difficult to prevent because sterile conditions during transport and fuel storage can not be maintained. Moreover, microorganisms are commonly found in air, water, and soil [6] . The development of these microorganisms contributes to corrosion of the tank.
Corrosion in the tank may occur because microorganisms can degrade hydrocarbons as a source of nutrients. Also, biofuels are a suitable medium for the growth of microorganisms. Products generated through MIC metabolism in the form of extracellular polymeric substance (EPS), organic and inorganic acids will form biofilms that can change the condition of the surrounding environment and trigger corrosion. The corrosion reaction can run faster or slower in the presence of microorganisms as it affects the electron transfer process on the metal surface [1] .
Biofilms are formed by the most common microorganism as survival strategies for allowing bacterial species to develop their own microenvironment as part of a defense, food supply and metabolic interactions [1] . Several types of bacteria can live simultaneously in biofilm such as bacteria that produce metabolic products that can support the growth of other MATEC Web of Conferences 156, 01008 (2018) https://doi.org/10.1051/matecconf/201815601008 RSCE 2017 bacteria. The formation of microbial colonies begins with the interaction and attachment of single-cell bacteria on the metal surfaces coated with a thin film layer. Carbon steel is a type of metal that is easy to corrode because of the passive layer of iron oxide is a perfect surface for the attachment of microorganisms [1] . This process is called adhesion or attachment. While electrostatic interactions contribute to the attachment of microorganisms to the surface, the attachment process of the cell is influenced by EPS which causes the strong bonding between microbes to each other and the surface [2] . The bonds between microbes will be strengthened along with the joining of other bacteria (colonization) and accumulated, characterized by increasing the complexity biofilms formed [3] . The next process is early biofilm maturation stage. The ongoing process is the unification of all metabolic processes of colonized cells, including the use of substrates and nutrients in the medium [4] and each bacterium uniting its structure, function, and activity into the biofilm [5] . In this stage, there is a process of cleavage, enlargement, and maturation of polysaccharides which causes the colony to appear enlarged so that the thickness of the biofilm increases [1] . In the final phase, some bacteria will spread and colonize elsewhere [6] .
Further, the most common microorganisms involved in the corrosion of the petroleum production system includes the anaerobic SRB [7] . However, the recent studies have shown that other types of bacteria may also be involved in biocorrosion [8] [9] [10] [11] . The several species such as S. marcescens have the ability to degrade a variety of hydrocarbons [12] . Here, these species after Bacillus sp. dominate in the corrosion product of the napha piping transport [13] .
With the increasing use of biodiesel mixed with diesel oil, it was necessary to examine the characteristics of carbon steel on biocorrosion including the ratio of the number of bacteria attached to the biofilm, the biofilm morphology and the rate of corrosion in biodiesel and diesel oil blends.
Methods
This research consisted of three main stages namely preparation, experimental and corrosion analysis to observed biocorrosion characteristics of carbon steel ST-37 in a mixture of 15%, 20% and 30% v/v biodiesel produced from laboratory and diesel oil from Pertamina containing S. marcescens ATCC 27117.
Preparation
The preparation stage consisted of the culture stage, the test solution preparation, the preparation of metal and the reactor. To increase the number of S. marcescens, these bacteria were cultured in a sterilized BH medium with a working volume of 100 mL until it enters a stationary growth stage. After entering the stationary phase, the acclimatization was done by taking 2 mL inoculated bacteria into 300 mL of BH medium and 1 g of sterilized diesel oil as a sole nutrition in an Erlenmeyer, which was then incubated with the temperature of 27 o C and 200 rpm for 30 days in a rotary shaker.
Culture stage

Test solution preparation
The hydrocarbon to be used as the immersion medium was filtered with CA filter membrane with a pore size of 0.45 μm to remove impurities and microorganism that may be contained.
Specimens and reactor preparation
Specimen preparation followed several steps. According to ASTM G 31-72 standard, the specimen of carbon steel was cut into 1 cm x 1 cm. Based on ASTM G 1-81, the specimens were polished using 240-1200 grid abrasive paper and washed using water and ethanol to remove fat and impurities. Once clean, the specimens were dried and stored in a desiccator to keep it dry.
The soaking reactor and the hanging pole for specimens were made of glass, while the reactor cover was made of acrylic.
Experimental
Types of hydrocarbons which were used as a soaking medium are the mixture of diesel oil with 15%, 20% and 30% biodiesel as variations. Immersion process was done by hanging specimens in pole hangers made of glass and dipped in submersion glass reactor containing 10% v/v culture of S. marcescens. Volume of immersion working reactor is 800 ml. All submersion reactors kept sterile from outside influences that can be contaminated by sealing the reactor with wax. The reactor was then stored at the temperature of 25 o C and under anaerobic condition for 10 days. At certain time intervals, the reactor was opened to pick up metal specimens and analysed the biofilms.
Corrosion analysis
Some analysis was done in this study including total plate count (TPC) method to analyse the bacterial colonies on biofilm, biofilm morphology using scanning electron microscopy (SEM) and gravimetric method refers to ASTM G1 to observe the corrosion rate and the influence of S. marcescens on corrosion. For each method of the analysis, two specimen replicas were assessed.
Results
The growth of S. marcescens in biofilm
By counting the number of bacterial colonies in the biofilm that are formed on the metal surface using TPC analysis, bacterial growth in a biofilm can be observed to determine the ability of S. marcescens to live in biofilms. The number of S. marcesccens colonies that live was calculated every two days during the immersion period to obtain a growth profile of S. marcesccens in the biofilm. The profile of S. marcescens colonies on the biofilms can be seen in Figure 1 .
Fig. 1 The growth of S. marcescens in biofilm
At 15% biodiesel concentration, the number of bacterial colonies on the biofilm slowly grew from the first day and then increased significantly on the seventh day. On the tenth day, the number of colonies declined drastically. While at 20% and 30% biodiesel concentrations, the number of bacterial colonies on the biofilm increased slightly until the third day. However, the number of bacterial colonies decreased on the fifth day. On the seventh day, the number of colonies increased significantly and dropped dramatically on the final day of immersion. The growth of S. marcescens on biofilms is mainly controlled by the concentration of biodiesel in the diesel oil. With the increasing concentrations of biodiesel, the number of bacteria that grew and lived also increased.
S. marcescens biofilm morphology
The observation of biofilm morphology was done by SEM with 5000 times magnification for samples that had been immersed for one, five and ten days. The biofilm morphology formed by the activity of S. marcescens for various biodiesel concentrations over ten days can be seen in Figures 2,3 , and 4. On the first day, biofilms begin to appear on the metal surface of all variations of biodiesel. The incidence of cracks seen in Figure 2 indicates that bacteria begin to colonize [14] . After five days of immersion, biofilms formed on 20% and 30% biodiesel soaking medium had reached the final stage of maturation and are beginning to enter the final stages. This can be seen due to some biofilms entered lysis processes so the bacteria spread and may colonize to form biofilms elsewhere [6] . On the tenth day, it can be concluded that the bacteria that spread after the final phase form the bonds again with other bacteria on the metal surface. The presence of colonization causes the thickness of biofilm increases [1] . Soaking of metal for ten days also shows the existence of metal damage caused by the activity of S. marcescens in the form of pitting. 
The loss of metal specimens mass
By determining the mass loss occurring in the metal by the gravimetric method, the corrosion rate can be calculated. The result of determining the loss of metal mass at various concentrations of biodiesel can be seen in Table 1 .
The average value of carbon steel specimens mass loss in the variation of biodiesel concentration by S. marcescens bacteria showed no more than 1.2%. The mean mass loss value of the specimens increases proportional to the biodiesel concentration in the medium. The average mass loss values specimens in the variations in of biodiesel concentration is greater compared to the control loss mass values. 
Growth of Bacteria in Biofilm
From Figure, the concentration of biodiesel in diesel fuel influenced the growth of S. marcescens in the biofilm. Increasing the concentrations of biodiesel is directly proportional to the number of bacteria that grow and live. This is because S. marcescens can utilize biodiesel as a source of nutrients. Also, the properties of biodiesel provide benefits for microorganisms to grow and multiply. Biodiesel is readily degraded in aerobic and anaerobic conditions compared to diesel fuel [15] [16] [17] [18] . Stolz et al. [19] and Sendzikiene et al. [20] reported that the fatty acid methyl esters (FAMEs) components comparing to diesel oil components are more rapidly degraded up to four times due to the high percentage of unsaturated esters. Biodiesel made from palm oil containing 40.2% palmitate (16:0) and 42.4% oleate (18:1) make it easier to degrade and useful for microorganisms metabolic process [21] . Reduction for the number of living S. marcescens colonies that occur can be caused by the microorganisms converting the unsaturated fatty acids such as palmitate and oleate into components that can poison the microorganism itself namely saturated fatty acids in anaerobic system [16, 22] . Furthermore, supported by the observation of biofilm morphology the lysis process in the biofilm when bacteria reach the final phase, can decrease the number of living colonies.
Corrosion Rate
Determination of the corrosion rate of each variation of biodiesel concentration can be obtained from the mass loss value in the Table 1 .
The corrosion rate is illustrated in Figure 6 . During the first three days, the corrosion rate of S. marcescens in 15% biodiesel concentration soaking medium increased slowly to 0.13 mpy. On the fifth day, the corrosion rate declines up to 0.05 mpy. However, there was an increase of corrosion rate up to 0.22 mpy on the tenth day.
A slightly different phenomenon occurs in the variation of 20% biodiesel concentration. The corrosion rate of 0.13 mpy on the first day decreased periodically to 0.06 mpy until the fifth day. After the fifth day, the increase in corrosion rate that occurs reaches 0.27 mpy at the end of immersion process. In the variation of biodiesel concentration 30% the corrosion rate increase until the third day. Slowly the rate of corrosion decreased on the fifth day, then increased rapidly reached 0.69 mpy at the end of immersion time.
Increasing in corrosion rate occurring in the first three days for all variations in biodiesel concentration is due to the activity of S. marcescens and biofilm formation. The SEM analysis results show that since the first day S. marcescens has formed a biofilm on the metal surface. The biofilms that formed then matured caused the thickening of the biofilm. After maturation on the fifth day some biofilm for variation of biodiesel concentration 20% and 30% experiencing lysis resulting in decreasing the number of S. marcescens colonies seen in Figure 1 . The biofilm still attached to the metal surface protects the metallic layer from a potentially corrosive environment, resulting in a decrease in corrosion rate [23] [24] [25] . Decreased corrosion rate can also be caused by S. marcescens biofilm can minimize the contact of oxygen with the metal surface because the thicker the biofilm formed the oxygen will be difficult to diffuse. Entering the seventh day, the corrosion rate of S. marcescens at various concentrations of biodiesel has increased due to the number of colonies that reach the peak point in all variations in the concentration of biodiesel. Many live colonies have the potential to produce many of the metabolites that affect corrosion processes [26] [27] [28] . Metabolite products result of biodiesel degradation by microorganisms can decrease the pH value of the environment because of its acidic nature. In addition to the effect on corrosion, acidic environments can be toxic to microorganisms in biofilms resulting in a decrease in the number of colonies until the final day of immersion [16] . Although the number of living microorganisms decreases, the mass loss of metallic specimens and corrosion rate can be affected by acidic environments. This can be seen from the high corrosion rate for various concentrations of biodiesel on the tenth day.
The corrosion rate in the mixture of biodiesel and diesel oil and the presence of S. marcescens is given in Table 2 . Overall the average corrosion rate of controls as well as by S. marcescens has the potential to increase along with the addition of biodiesel concentration in diesel oil. In control, the biodiesel concentration in the diesel influences the final pH of the immersion medium. Increasing in the concentration of biodiesel available in diesel causes a decrease in pH due to the acidic of biodiesel [29, 30] . 
Conclutions
From the research that has been done can be taken some conclusion that is:
1. Bacterial growth in biofilms was influenced by the concentration of biodiesel in diesel oil.
2. In the absence of microorganisms, the addition of biodiesel to diesel oil can increase the corrosion rate.
3. The corrosion rate of mixed diesel and biodiesel medium increased up to 0,317 mm/year due to the activity of S. marcescens.
